The facial nerve has been generally accepted to consist of the motor, sensory and sympathetic fibers9,10,19,22. With respect to the sensory component, the geniculate and jugular ganglia are indicated to contain perikarya of afferent fibers which participate in transmission of the muscular or vascular pain8'23. Furthermore, it is demonstrated that these primary afferent fibers are distributed to various arears in the lower brain stem and superficial layers of the dorsal horn of the upper cervical spinal cord. In particular, lamina I of the superficial layers is considered to be a major site for the reception and transmission of nociceptive information5'12'13. On the other hand, it is of interest that the trigeminal and spinal ganglia characteristically contain substance P (SP) immunoreactive cells whose central processes project to laminae I-II of the spinal cord4,6,14. These SP-containing neurons are plobably involved in pain perception". The primary afferent fibers containing the same peptide are also indicated to enter the lower brain stem by way of the facial nerve".
The facial nerve has been generally accepted to consist of the motor, sensory and sympathetic fibers9, 10, 19, 22 . With respect to the sensory component, the geniculate and jugular ganglia are indicated to contain perikarya of afferent fibers which participate in transmission of the muscular or vascular pain8 '23 . Furthermore, it is demonstrated that these primary afferent fibers are distributed to various arears in the lower brain stem and superficial layers of the dorsal horn of the upper cervical spinal cord. In particular, lamina I of the superficial layers is considered to be a major site for the reception and transmission of nociceptive information5'12'13. On the other hand, it is of interest that the trigeminal and spinal ganglia characteristically contain substance P (SP) immunoreactive cells whose central processes project to laminae I-II of the spinal cord4,6,14. These SP-containing neurons are plobably involved in pain perception". The primary afferent fibers containing the same peptide are also indicated to enter the lower brain stem by way of the facial nerve".
Therefore, the present study was done to elucidate the relationship of the facial afferents with SP immunoreactive fibers using the HRP and immunohistochemical techniques in the cat.
Materials and Methods
The experiments in the present study were performed on 17 cats weighing 0.8-3.2 kg. The animals were anesthetized with intraperitoneal injection of sodium pentobarbital (40 mg/kg) for all surgical operations and perfusions.
In 12 cats the Fn was exposed widely around the stylomastoid foramen. Using a 10-p.1 Hamilton microsyringe, 2-5 ill of a solution of 0.2% WGA-HRP (Toyobo) containing 10% HRP (Toyobo, Grade I-C) dissolved in sterile 0.9% saline were injected into all branches of the Fn. In order to prevent leakage of injected HRP, the proximal end of the Fn was tied immediately with a thread after the injection. After a survival time of 48-72 hours , the animals were anesthetized again and perfused through the ascending aorta with 0.1 M phosphate buffer (pH 7.4), followed by a fixative containing 8% formalin in 0.1 M phosphate buffer. The brain stem and spinal cord were removed together with the geniculate and jugular ganglia on the side ipsilateral to the injection. These were stored overnight in phosphate buffer containing 30% sucrose. Serial 60-gm thick sections were cut transversely on a freezing microtome. Sections were processed for the demonstration of HRP reaction product according to the tetramethyl benzidine protocol (15) and were counterstained with neutral red.
In 5 cats the sections of the C1-C4 spinal cord, geniculate and jugular ganglia were washed for 30 min in cold PBS and incubated for 20 min in 10% normal goat serum (NGS) (Dakopatts) in PBS at 4°C. Free-floating sections were incubated for 24 hours in a rabbit anti-Substance P antibodies (Chemicon) at a dilution of 1 :1000-2000 in PBS with 1% NGS and 0.1% Triton X-100 at room temperature. These were washed in 5% NGS in PBS followed by incubation for 30 min in biotinylated secondary rabbit antibodies and 1% NGS in PBS and 1 hour in avidin-biotin complex (ABC kit, Vector) in PBS. The sections were further washed for 45 min in PBS, incubated for 10 min in 0.05% DAB with 0.01% hydrogen peroxidase in PBS and then mounted onto gelatinized slides.
Results
HRP injections were made into all branches of the Fn. In these experiments the injected HRP was clearly restricted along the course of the Fn as a small brown mass. The intensive labeling of facial motor fibers was found in the lower brain stem ipsilaterally (Fig. 2) . HRP-labeled facial motoneurons, showing typical multipolar shape, occupied the whole of the nucleus (Fig. 3) . This HRP injection also resulted in retrograde labeling in the geniculate (Fig. 4 ) and jugular ganglia (Fig. 5) close to the labeled facial and vagal fibers, respectively. In the geniculate ganglion approximately 60% of neurons were labeled with HRP and mainly located in the proximal two-thirds of the ganglion, while in the jugular ganglion approximately 75% of neurons were labeled and spread widely in the ganglion. These neurons in ganglia were round or oval in shape and 15-50 gm in size. Very light labeling was observed in the trigeminal ganglion ipsilaterally. There was no labeling in the upper cervical spinal ganglia.
Primary afferent fibers in the Fn consisted of major two bundles entering into the brain stem by way of the intermediate and vagal nerves (Figs. 1  and 6 ). These fibers, labeled with HRP, descended or ascended in the dorsal portion of the spinal trigeminal tract and were distributed to the various areas in the lower brain stem (Fig. 1) . Heavy labeling was found restrictedly in the marginal layer of the interpolar part of the spinal trigeminal nucleus (Fig. 7) . Other labeling was lightly present in the principal sensory nucleus of the trigeminal nerve, lateral and medial portions of the nucleus of the solitary tract and ventrolateral portion of the cuneate nucleus. It was of particular interest in the present study that labeled fibers are heavily accumulated in the medial portion of laminae I-IV of the C1-C4 spinal cord although the fibers were also observed to be distributed to the lateral portion of the superficial layers and lamina V (Fig. 8) .
Immunohistochemical experiment revealed the intensive SP-immunoreactive neurons in the geniculate and jugular ganglia (Figs. 9 and 10). These neurons were small to large in size and observed to be present in the whole of the ganglia. However, in the jugular ganglion a few of neurons were also found to exist in the distal portion intermingling with fibers (Fig. 10) . It was of particular interest in the present study that SP-immunoreactive fibers were heavily accumulated in laminae I-II of the upper cervical spinal cord with a slight distribution to laminae III-V (Fig. 11) .
Discussion
The present HRP and immunohistochemical studies demonstrated the central distribution of primary afferent fibers in the Fn and the relationship with SP-immunoreactive fibers. Considering the HRP labeling and SP-immunoreactivity, the overlap of neurons in the geniculate and jugular ganglia and of the fibers in laminae I-II appears to show that the afferent fibers terminating in the superficial layers of the dorsal horn of the upper cervical spinal cord contain the peptide of SP. Sensory ganglia are frequently reported to contain SPimmunoreactive neurons and their central processes projected primarily to laminae I-II of the spinal cord''''''. In particular, lamina I is believed to be the site for the reception and transmission of nocieptive information5'7'12'13. In fact, recent antomical study has demonstrated the spinal relay on lamina I neurons receiving afferent fibers in the cranial nerve' 621.
It is generally accepted that different neuronal populations can be distinguished in the geniculate ganglion. Some units discharge in response to movement of hairs in the external ear and others respond to mechanical or chemical stimulation of the tongue3. In the present study, HRP injection into all branches of the Fn revealed retrograde labeling of approximately 60% of ganglion cells which are frequently located around the proximal two-thirds of the geniculate gangion. Therefore , it should be suggested that approximately 40% of ganglion cells at the distal one-third have relation with the special viscecral afferents of taste.
HRP injection into the Fn also resulted in retrograde labeling in the jugular ganglion. Labeled neurons were distributed diffusely to the ganglion and occupied about 75% of ganglion cells. The jugular ganglion is well known to be the main source of afferent fibers in the auricular posterior rami8P23. The auricular branch of the vagus nerve named Arnold's nerve contains general somatic afferent fibers whose perikarya are located in the jugular ganglion'. However, the ganglion is also reported to contain the perikarya of afferent fibers of the hypoglossal nerve16,20,21. In this point, unlabeled ganglion cells indicated in the present study appear to play an important role intransmission of muscular or vascular information of tongue.
Previous anatomical study in the cat using the HRP technique demonstrated the central processes of geniculate ganglion cells terminating in the principal sensory nucleus of the trigeminal nerve and those of jugular ganglion cells giving a major target in the interpolar part of the spinal trigeminal nucleus'. In the findings the central processes of these ganglia are described to project to the nucleus of the solitary tract, ventrolateral portion of the cuneate nucleus and superficial layers of the dorsal horn. Afferent fibers in the Arnold's nerve in the cat also show a quite similar distribution pattern to that of the jugular ganglion with a notable exception that very few fibers are detectable in the principal sensory nucleus of the trigeminal nerve". However, in the monkey autoradiographic study indicates that labeling of the central processes of the geniculate ganglion is greatly reduced in the dorsal horn'. It might be suggested that there are some species differences with respect to distribution of sensory fibers in the superficial layers of the spinal cord. 
